advanced molecular and bioinformatics approaches to discover novel grhl3 protein binding partners, grhl3 target genes, and downstream signalling pathways which regulate the multiple grhl3-mediated processes during early embryonic development. Embryonic ectodermal development is regulated by specialized signalling centers, which control morphogenesis and cell behaviours. In teeth, the well characterized epithelial signaling centers include the enamel knots. An emerging regulator of tooth initiation is an earlier signaling center recently identified in the incisor tooth, termed the initiation knot (IK). The genetic regulation in embryonic teeth is well characterized, yet cellular behaviours remain uncharted. This is mainly because such dynamic events require novel techniques to follow individual cells in live tissue. We combine advanced live microscopy imaging techniques and whole-mount tissue culture, which allows the visualization and tracking of single cell events in order to address specific mechanistic questions. For instance, how signalling pathways including Fibroblast Growth Factor, Sonic Hedgehog, Ectodysplasin/NFkappaB and Foxi3, regulate cellular behaviours in early developing teeth.
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Embryonic ectodermal development is regulated by specialized signalling centers, which control morphogenesis and cell behaviours. In teeth, the well characterized epithelial signaling centers include the enamel knots. An emerging regulator of tooth initiation is an earlier signaling center recently identified in the incisor tooth, termed the initiation knot (IK). The genetic regulation in embryonic teeth is well characterized, yet cellular behaviours remain uncharted. This is mainly because such dynamic events require novel techniques to follow individual cells in live tissue. We combine advanced live microscopy imaging techniques and whole-mount tissue culture, which allows the visualization and tracking of single cell events in order to address specific mechanistic questions. For instance, how signalling pathways including Fibroblast Growth Factor, Sonic Hedgehog, Ectodysplasin/NFkappaB and Foxi3, regulate cellular behaviours in early developing teeth.
I focus on the maintenance and function of the IK and how it regulates cellular behaviours in tooth morphogenesis. I hypothesize that the main functions of the signalling centers is to control cell proliferation for epithelial cell rearrangements and budding. Failures in signalling center function at critical stages of development lead to dysplasias. To test which cellular processes are the most critical determinants of dysplasias I use fluorescent reporter mouse models crossed with mutants with early tooth phenotypes together with pharmacological inhibitors. I show regulation of cell fate and specific changes in cell behaviours of the distinct populations by specific signalling pathways.
Many of the mouse mutants with a tooth phenotype have been explored mainly for defects in the bud stage and beyond. Yet the primary defect commonly manifests at the very earliest steps of organogenesis. Thus, a mechanistic understanding of these early developmental events is needed, if we are to explain pathogenic outcomes and design effective, preventive treatments in the future. Motile cilia are ancient organelles that play a diverse set of functions in vertebrate development and physiology. Proper functionality of motile cilia is critical to the consistent establishment of left-right patterning, propulsion of gametes, and mucociliary clearance in mammals. More recently, motile cilia generated fluid flow has been found to play roles in neural stem cell migration in mammalian brains and spine morphogenesis. Here we describe the identification of a novel hypomorphic mutant of daw1 in zebrafish, which produces mild motile ciliary defects that vary in severity in different organ systems in addition to the generation of mutants in daw1 and a master regulator of the motile ciliogenic program, foxj1a using CRISPR/Cas-9 mediated mutagenesis. We will also describe the characterization of these mutants and demonstrate spine morphogenesis defects in these mutant systems. These mutant lines may provide important tools to explore the functions of motile cilia using a model vertebrate. The enteric nervous system (ENS) is a unique, large and vital nervous system. In human, it comprises approximately 500 million neurons and four times as many glia cells-together they control most essential bowel functions. During development, the majority of the ENS cells originate from the neural crest and migrate along the length of the digestive track. Failure of enteric neural crest-derived cells to complete colonisation of the distal intestine causes the Hirschsprung's disease in which the uncolonised segment becomes tonically contracted, leading to functional obstruction. Therefore, much effort has gone into studying the development of the ENS. Yet, the lack of comprehensive molecular markers for enteric neuronal subtypes has rendered most of modern genetic techniques ineffective. Here, we employed high-throughput single-cell RNA sequencing to disentangle the molecular signatures of the ENS cells in Wnt1
Cre ;R26 Tomato mice. Together with antibody-based screening we discussed potential novel gene expression signatures that could define the differentiation of specific neuronal subtypes. In addition, initial analysis of our single-cell RNA sequencing data revealed heterogeneity in the enteric glia population. Our findings provide insights into the molecular diversity of the ENS cells and rich transcriptome-based markers that could empower the use of genetic tools in studying the ENS development. Congenital heart disease (CHD) is the most common type of human birth defect, occurring in 1% of live births. Although genetic factors have been widely investigated, only~20% of cases can be attributed to a specific genetic cause. It has long been known that environmental factor present during embryonic heart develop can also cause CHD.
Here we propose a plausible non-genetic mechanism for induction of CHD by hypoxia, a common environmental stressor. We present evidence that short-term gestational hypoxia can perturb mammalian heart formation, resulting in defects of outflow tract alignment and/or elongation. We show that hypoxic exposure results in reduced cellular proliferation in the second heart field (SHF) and elsewhere. In the SHF this is likely to be due to a downregulation of FGF signaling, mediated by the specific loss of the receptor FGFR1. We show that hypoxia induces the unfolded protein response (UPR), causing a global downregulation of protein translation.
Our findings have far-reaching consequences because the UPR is activated by a myriad of environmental or pathophysiological conditions. Ultimately, this enables a better understanding of the mechanisms involved in the origins of sporadic CHD in humans. Vertebrates are characterized by a segmented body axis, most clearly seen in the adult vertebral column. Segmentation is first observed in embryo development during a process called somitogenesis, where the body axis is periodically segmented into epithelial structures (somites). Somite formation occurs in a bilateral fashion on either side of the notochord, thus giving rise to a musculo-skeletal system on both the left (L) and right (R) sides of the body. It has been presumed that somite formation occurs in a bilaterally symmetric fashion. However, it is unknown the mechanisms by which a precise coordination is achieved between the L and R sides to generate somites of the same length, at the same position along the body axis and at the same time point during embryogenesis, despite being separated by the notochord.
We performed a quantitative analysis of zebrafish somite formation using a custom-built light-sheet microscope. We imaged actin-containing structures and the nucleus simultaneously, thus allowing a spatiotemporal quantification of cellular morphology and motion respectively. Embryos were imaged from 6 different angles (30 degrees apart) for 10 hrs from the start of somitogenesis, which were fused and map projected to visualize bilateral somite formation simultaneously. Using a custom segmentation algorithm, we then quantified size of somites and the antero-posterior position at which they contact the notochord. Surprisingly, we observed that many somite pairs (one-third of all somites analysed) exhibited transient LR asymmetries in size and/or position, before attaining their final LR symmetric state. Why are there transient asymmetries and how do they get resolved? Is the segmentation clock involved and are mechanical processes that lead to somite formation important in establishing a LR symmetric state? Addressing these questions will enable an understanding of the mechanisms that lead to a precise coordination of the bilateral sides across the notochord. doi:10.1016/j.mod.2017.04.153 PS2.54 Rab11, a potential determinant of epithelial morphogenesis and gastrulation, in Drosophila development Nabarun Nandy, Jagat Kumar Roy Banaras Hindu University, Varanasi, India
One of the key events in the process of embryo development is epithelial morphogenesis and gastrulation, whereby differentiated cells migrate in groups or cohorts to finally guild the completely developed embryo. In Drosophila this process is governed by epithelial pattern formation and Dorsal Closure (DC), wherein epithelial cells present on either side of the dorsal opening of stage 13 embryos migrate and ziplock the dorsal cavity, completing the process of gastrulation. It has been observed that Rab11, a classical marker of the Recycling Endosomes, when ablated, results in the failure of dorsal closure and epithelial organization of these gastrulating embryos. On further examination we found that Rab11 is a developmentally active gene, which expresses throughout the embryonic epithelial cells, recycling membrane components like Growth Factor Receptors and Integrins, and plays an instrumental role in the process of gastrulation. Rab11 is also indispensible for the maintenance of epithelial cell adhesions and consequently cell shape, which undergo a stark dis-integration under Rab11 mutant conditions. The integrity of membrane components in the embryonic epithelium, results in the proper triggering of an array of downstream signaling pathways, which regulate the gastrulation process. A critical one amongst these pathways is the bsk (JNK) and dpp (TGFβ) pathway, which when interrupted, shows mutant phenotypes exactly similar to the Rab11 mutants, indicating a probable interaction of Rab11 with these core developmental cell signalling modules. The telomerase reverse transcriptase (TERT) is the catalytic subunit of the enzyme telomerase and adds specific repetitive sequences to the chromosomal ends. Though TERT plays an important role in telomere maintenance, it has non-canonical functions like RNA silencing, mitochondrial function and cell cycle regulation. Identifying such non-canonical functions will help us to understand the essential pathways involving TERT. We chose the model organism Dictyostelium discoideum to study the noncanonical functions of TERT, as growth and development are neatly separated in its life cycle. The TERT RNA expression levels are high beyond vegetative growth stages suggesting a prominent role of TERT in multicellular development. By homologous recombination, we generated a tert knockout that shows impaired growth and development. The mutant cells are arrested in G0 phase of the cell cycle and growth in axenic media is severely affected suggesting a pinocytosis defect in the mutant. However, growth in the presence of bacteria is comparable to that of wild type clones suggesting that phagocytosis is normal. During development, the knockouts show aggregate stream breaking and development is also delayed. The mechanisms for the growth defect and pathway of stream breaking in the TERT mutant need to be further studied. Besides telomere
